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EXECUTIVE SUMMARY 
Project Summary  
The focus of this work is the continued development of a software system for the modeling and simulation 
of the flow of supplies through a combat logistics network, and the use of this simulation to predict adequacy 
of the network to meet sustainment requirements on rate of delivery of supplies to ground combat elements. 
The software will be used to both design the logistics network and to assess the effect of equipment and 
personnel random attrition rates during the course of the operation. The software simulates the flow of 
these supplies through the network versus time, and predicts the levels of supplies at all nodes. During the 
course of the operation, the ability of the network to meet the sustainment requirements on supplies can be 
jeopardized by the loss of availability (attrition) of both personnel and equipment. This loss of availability 
can be due to both planned (e.g. routine maintenance) and unplanned (unplanned maintenance and 
combat-related random events). The logistics simulation will be used to predict the robustness of the 
logistics network in its ability to meet sustainment requirements with the loss of availability of equipment 
and personnel. The simulation code is object-oriented, and written in the MATLAB language. The class 
structure of the code is developed to efficiently represent cargo flow through the network and incorporates 
stochastic elements which represent the random loss of availability of trucks due to unplanned 
maintenance.  
 
Keywords: logistics, simulation, time-domain, stochastic attrition, supply networks, modeling 
 
Background 
The simulation code under continued development for Marine Corps Logistics Operations Group  
(MCLOG) was originally developed for the simulation of fleet sustainment networks wherein a network of 
ships and connectors are configured to deliver materiel and supplies to an objective on the beach or inland. 
The complex problem of modeling and performance simulation of supply networks is addressed by the 
development of a time-domain simulation tool which allows the user to define arbitrary networks of supply 
nodes, consumption nodes and logistics capability for materiel movement. The simulation tool allows an 
arbitrary network to be defined topologically, parameterized (e.g. cargo capacities, transfer rates, speeds, 
distances, etc.), and both the net throughput and fuel consumption of the network to be calculated. The 
simulation tool has demonstrated the ability to reveal non-intuitive behaviors of these networks. This 
program can serve as a real-time tool for designing sustainment networks, responding to changing demand 
signals from operators, assessing choke-points or factors limiting the throughput performance of the 
network, and evaluating potential investment in improved systems and technology with the goal of 
maximizing network performance for dollars invested.  
 
The focus of this work has been the continued development of the software system for the modeling and 
simulation of flow of supplies through a logistics combat network, and the use of this simulation to predict 
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adequacy of the network to meet sustainment requirements on rate of delivery of supplies to ground combat 
elements. The software will be used to both design the logistics network and to assess the effect of equipment 
and personnel random attrition rates during the course of the operation. The Year 1 effort has produced a 
software simulation system which is capable of modeling a network of ground nodes (logistics elements) 
connected by “connectors” which typically are a set of trucks, but could also be air or sea vehicles. The 
objective node is the ground combat element (GCE). The GCE and the intermediate nodes have a 
requirement that the various supplies required for the mission (e.g. fuel, water, ammo, food) never fall below 
user-specified levels. The software simulates the flow of these supplies through the network versus time, 
and predicts the levels of supplies at all nodes. Currently, the software requires as input a large number of 
planning factors, such as the number of ground nodes, the distance between them, the number and speed 
of trucks moving between nodes, the loading and unloading rates for the trucks, and the rate of 
consumption of supplies by the nodes. During the course of the operation, the ability of the network to meet 
the sustainment requirements on supplies can be jeopardized by the loss of availability (attrition) of both 
personnel and equipment. This loss of availability can be due to both planned (e.g. routine maintenance) 
and unplanned (unplanned maintenance and combat-related random events). The logistics simulation will 
be used to predict the robustness of the logistics network in its ability to meet sustainment requirements 
with the random loss of availability of equipment and personnel. 
 
Findings and Conclusions 
The fundamental questions addressed by this phase of the research are: (1) What are the effects of personnel 
and equipment attrition to Logistics Combat Element (LCE) mission success in support of the Marine 
Expeditionary Brigade (MEB)'s execution of Operation Assured Resolve? (2) Given random variances in 
the planning factors, what is the probability of success to the MEB LCE sustainment mission using 
simulation? The simulation code under development will address these basic questions. At this interim, two 
major enhancements to the simulation code are complete, and near complete. The first enhancement was 
the implementation of convoy operation. Prior to this enhancement, the code represented individual trucks, 
each carrying a mix of supplies. On average, this was able to represent the overall supply network 
performance. The code was significantly modified to represent convoys of trucks, where each convoy is a 
user-specified mix of different truck types, each truck of a specific type for the cargo it carries. The 
representation of movement went from moving the individual trucks to the movement of convoys. This 
required a major redesign of how to schedule and deploy these assets. For example, rather than simply 
loading up and deploying a sufficient number of trucks (as soon as they are available) such that storage 
capacity at the receiving node is not exceeded, the loading of convoys is scheduled on-demand. A key aspect 
implemented is the amount of cargo to be delivered by the convoy is calculated as the capacity of the 
receiving node less the current amount of cargo on hand at the receiving node. The code also now includes 
a user-specified “order point,” where the deployment of the loaded convoy can be scheduled in advance of 
cargo dropping below user-specified minima at the receiving node.  
 
The implementation of stochastic attrition is near completion, and preliminary results show that the 
simulation captures the effects of attrition. A given network design, with no attrition, may meet all 
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sustainment requirements (supply levels never falling below user-specified minima) but with stochastic 
attrition, may not meet the requirements.  
 
The logistics simulation requires numerous planning factors in order to design the network. For example, 
a supply node delivers supplies to a GCE via a number of trucks in a convoy. The number of trucks, their 
capacity (max load), and their speed are planning factors which impact the ability of the network to meet 
the GCE sustainment requirements on supplies. The attrition of equipment (loss of availability of trucks) 
can be modeled to assess the effect on sustainment, and compensatory adjustments in other factors can be 
considered to ameliorate the effect of the loss of availability of trucks. The attrition of personnel that operate 
equipment and trucks can be modeled to assess the effect on sustainment, and compensatory adjustments 
in other factors can be considered to ameliorate the effect of the loss of available personnel to operate the 
equipment.  The objective is to perform simulations with these unplanned attritions in a logistics network 
in order to demonstrate the use of the software for the design and evaluation of these networks in support 
of a Marine Expeditionary Brigade. 
 
At this point in the research, much has been learned about how to build a simulation code for supply 
networks with stochastic attrition. The attrition required the implementation of more advanced time 
keeping (day – hour – minute) as opposed to the prior fractional hour. The number of trucks in a convoy 
changes with time as individual trucks move in and out of different maintenance levels. Practically, at the 
current level of fidelity, a truck is considered either operational or non-operational. Trucks in intermediate 
levels of maintenance have some probability of returning to operational status, but also may move to a 
permanent non-operational status. A convoy is either at the sending node (loading), transiting to/from the 
receiving node, or is at the receiving node (unloading). The stochastic attrition generates, each day, a 
random time of day for each truck to possibly change maintenance level. The change from the current 
maintenance level to a different level is probabilistic, based on combat planning factors which are associated 
with a Markov chain model for maintenance level state change. If a truck changes to a non-operational 
status, its cargo is assumed lost.  
 
Recommendations for Further Research 
Much work remains to improve the fidelity of the simulation as well as the usability of the code.  
 
Arbitrary network topologies: The code is already built-in for arbitrary topologies, but the logic for on-
demand convoy deployment was added recently and hence this needs to be validated and the code updated 
if necessary. 
 
Build new input file structure: Current input file uses same format for static nodes (e.g. supply nodes) and 
dynamic nodes (e.g. support truck convoys). Revise input format so that static and dynamic nodes have 
distinct formats. 
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Build new plotting module: Currently, plotting module only supports the Operation Assured Resolve 
topology (e.g. three static nodes and two dynamic nodes). A new module would allow plotting of an 
arbitrary number of nodes.  
 
Robust error trapping: Only rudimentary error trapping is implemented as the focus was on demonstrating 
functionality.  
 
Increase number of Truck Types: Currently there are only one truck type per supply item (e.g. a single type 
of fuel truck carries fuel, etc.). There are various ways to handle additional truck types. The most general 
way is to read an excel spreadsheet which has a library of truck types with the associated parameters (cargo 
capacity, fuel capacity, fuel consumption, nominal average speed, etc). The user would then select the truck 
type and number to assign to convoys). Also, include non-load carrying trucks, such as wreckers and 
support trucks.  
 
Refined truck load-out: Currently, trucks are loaded until their capacity is reached in terms of the number 
of selected units, e.g. gallons, pallets, etc. Revise code to allow trucks to be loaded until capacity constraint 
is met on either number of units (existing capability), square foot of cargo area, cubic foot of cargo area, etc. 
 
Moveable nodes: Some “static” nodes should have the ability to change position. For example, a GCE node 
moves at certain times. Include the ability for the user to specify position versus time for each static node.  
 
Refined logistics operations: Include additional features in attrition such as the retrieval of inoperable 
vehicles, no-go conditions, retrieval of cargo on non-operational trucks, etc.  
 
Interface with other USMC software: Receive input from, send output to other logistics software. 
 
Restructure/Rewrite Code: Through the development of the code, the concepts and techniques developed 
to represent logistics simulation have been developed and evolved. The code is written in MATLAB, and is 
an object-oriented code. The class structure of the code was developed to represent the topological and 
dynamic characteristics of the logistics operations. The addition of attrition, and further enhancements 
which may be pursued, has introduced further complexity which calls for certain modifications and 
additions to the class structure. This would not only improve run-time efficiency, but make the code more 
maintainable.  
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